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The recent reviews of the literature15 17, 18, 19 on biochemical
investigations in psychiatry present a confusing array of conflicting
reports which leave the reader with the impression that biochemical
methods have contributed little to the understanding of mental
disorders. Cameron,6 in the recent revision of his book, Objective
and Experimental Psychiatry, has, however, made a beginning in
relieving this confusion. It is the purpose of the present communi-
cation to demonstrate that biochemistry has already contributed a
great deal to our understanding of mental disorders and to indicate
the direction of present-day investigations.
Biochemistry, the chemistry of living organisms, is such a broad
subject and has undergone such rapid development in so many fields
that few people realize the extent of this science and its import for
medicine including psychiatry.
In fact, every kind and degree of adjustment that a person
makes in his daily life involves complex biochemical changes in his
body. For example, social situations which produce fear or rage
or other emotions constitute one of the most effective ways of bring-
ing about biochemical changes in man and animals. The recognition
of the fact that mental activity influences bodily processes in general
has led many people to postulate that most diseases were "caused"
by mental and emotional disorders. The great contributions of
Pavlow, Freud, and Cannon have served to support such a concep-
tion. It should be emphasized, however, that these authorities
themselves, being aware of the limitations of their work, made no
such one-sided generalization.
This exaggerated emphasis on the "influence of mind on body"
led to the remarkable developments in the utilization of psycho-
therapeutic methods during the past 50 years. Extensive and inten-
sive attempts have been made to control and treat mental diseases
with these newly elaborated psychotherapeutic methods. Although
it is extremely difficult to assess the results of these efforts, it is
becoming increasingly clear that while much can be and has been
done to alleviate the symptoms of psychopathic maladjustments,
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such as the so-called psychoneuroses and neurasthenias, little has
been accomplished in the treatment or prevention of the mental
disorders included under the term psychoses. Consequently, psychi-
atrists are still searching for other ways of solving the problem of
mental disorders.
Dramatic impetus has been given to an interest in the methods
of physics and biochemistry by the extraordinary, if transient, relief
of symptoms induced by insulin or metrazol or electric shock.
Unfortunately this interest tends to be as transient as the periods
of symptomatic relief in the patients. The fact, however, that
chemical and physical methods can produce these striking changes
should lead to a thorough exploration of biochemistry and physics
in relation to mental processes in an effort to find more effective
methods of treatment.
Of the numerous ramifications of biochemistry the development
of our knowledge of energy exchange in man and animals may be
chosen as an excellent example of the intimate relations between
behavior and the chemistry of the body. Originally this process
was conceived of as being relatively simple; calories as food when
burned in the body produced an output of energy which could be
measured in units of heat and of work. The elucidation of the
steps involved in this energy exchange has opened whole new fields
in chemistry and in medicine. Yet many gaps remain to be filled.
Numerous contributions from these fields are important for psychia-
try and will probably be even more important in the future.
The recognition of the importance of thyroid disorders in pro-
ducing states of excitement or lethargy is one of the most brilliant
contributions that may be cited. Not many years have elapsed
since the time when patients with myxedema and hyperthyroidism
could be found immured in mental hospitals along with the stuporous
and excited states of unknown etiology. Although methods for the
diagnosis and treatment of thyroid diseases have been remarkably
advanced, much remains to be learned. Many patients in states of
lethargy and with low basal metabolic rates do not respond to treat-
ment with thyroid hormone and presumably do not have thyroid
deficiency. Again, many excited and agitated patients appear to
have hyperthyroidism with basal metabolic rates above normal, yet
removal of their thyroid glands does not relieve their symptoms.
These patients are frequently mistreated because of the lack of
methods for determining the amount of thyroid activity.
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While it has long been known that iodine constituted a unique
part of the thyroid hormone, the determination of blood iodine as
an index of the amount of hormone has only recently been possible
due to the technical difficulties of microchemistry. Man and
Riggs,22' 23, 24 working in the Yale Department of Psychiatry, have
devised a practical method for determining the protein-bound iodine
in serum and have shown that this fraction can be employed as a
measure of the amount of active thyroid hormone. That this
method is useful in the study of excited and of depressed patients
is shown by the following examples.
In Figure 1 are shown the data from the study of a 12-year-old
girl who was referred to the hospital because of attacks of weakness
and fainting and
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sis, but the basal who had equivocal symptoms of hyperthyroidism.
metabolic rates of +20 and +17 per cent scarcely seemed to indicate
much hyperthyroid activity when allowance was made for the
patient's fearful emotional state. Determination of serum iodine
revealed a high value, thus establishing the diagnosis. As can be
seen in the graph the protein-bound iodine or hormonal iodine fell
rapidly on treatment with Lugol's iodine solution. There was cor-
responding clinical improvement, although the basal metabolic rate
determinations remained high. Thyroidectomy was followed by
even greater improvement. In attempting to evaluate this patient's
nervous condition electroencephalographic studies were made. In
the first records there were numerous evidences of fast alpha activity
which was unusually covered up by a slow irregular pattern. After
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thyroidectomy the fast activity has dropped out but the slow irreg-
ular pattern remains. These EEG studies are mentioned to illus-
trate the point that physical measurements may eventually be
employed to determine underlying chemical processes. One of the
more promising prospects for the future lies in combined application
of physical and chemical methods in the investigation of human and
animal behavior.
The second example is that of a 50-year-old man, who entered
the hospital in a depressed and lethargic state. He was moderately
obese, skin and hair were dry, and the resting pulse was 55 per
minute. He answered questions in monosyllables in a barely audible
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FIG. 2. Serum iodine and cholesterol, and basal metabolic rate apy would not
in patient 2815 who had equivocal symptoms of myxedema. relieve his symp-
toms was confirmed by actual test. The administration of desiccated
thyroid in doses ranging from 3 to 15 grains daily for four weeks
resulted in no change in the patient's behavior. Furthermore, an
active preparation was employed as is shown by the fact that the
B.M.R. and the organic iodine rose to +17 per cent and 7.1 gamma
per cent, respectively, while the cholesterol fell from 250 to 162 mg.
per cent. The failure of the thyroid to produce any signs of tremor
or irritability may indicate that, like this patient, many of the
lethargic patients have nervous systems that are abnormally insensi-
tive to thyroid. This has been suggested by Cohen and Hoskins at
Worcester on the basis of observations7 that schizophrenic patients
could tolerate 15 to 20 grains of thyroid daily without manifesting
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signs of hyperthyroidism. Information with regard to normal
tolerance is so limited that no conclusions can be drawn at this time.
Our observations, on the other hand, suggest that most of the admin-
istered thyroid has been broken up and the iodine released, thus
elevating the total iodine but not increasing the hormonal iodine
as much in this patient.
In connection with thebiochemistry ofthyroid disorders it should
also be emphasized that these conditions are often precipitated by
emotional conflicts. Consequently, one has the opportunity to
observe the interplay of constitutional predisposition, environmental
difficulties both psychological and dietary, and 'biochemical factors
which enter into the process of making the person sick.
Only one aspect, however, of the problem of energy exchanges
in man is illuminated by the advances in the biochemistry of the
thyroid.
One of the most common complaints which physicians are asked
to relieve is that of lack of energy. While it is well known that
any disturbance of the delicately balanced chemical and physiological
arrangements of the body may produce varying degrees of diminu-
tion in energy output, a large proportion of these patients who lack
energy do not appear to suffer from any of the known organic
diseases. Many of these patients are eventually referred to the
psychiatrist. As a considerable number of them are seriously inca-
pacitated for months or years, no matter what psychotherapeutic
methods may be employed, the psychiatrists have had ample oppor-
tunity to observe the course of these conditions.
We have learned that the ability or the lack of ability to convert
food into a large amount of work or play tends to be characteristic
of certain families and that in members of such families high levels
of activity may not be sustained but are interrupted by periods of
inactivity. We have also observed that these cyclic disorders are
more common in women and in people with stocky body-build.
Such observations have led some psychiatrists to lay stress on genetic
and constitutional factors as determining a person's potential energy
andsusceptibility todisorders in energy output. In addition to these
constitutional factors many others take part in determining a person's
potential capacity for work or play. Only a few can be mentioned
here.
The brain must have a continual supply of oxygen and car-
bohydrate. Biochemical and physiological investigations8 25 have
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demonstrated that a few moments of oxygen or carbohydrate depri-
vation result in interruption of nervous system activity. If the
period of deprivation is prolonged more than these few moments,
death occurs; or if restoration occurs short of death, some cells of
the brain may be destroyed, thereby permanently altering the
person's potentialities for certain kinds of activity. This knowledge
has led to a revision in the psychiatric interpretation of the signifi-
cance of birth injuries, of the effects of carbon monoxide poisoning,
of convulsive seizures, and of any other conditions which impair
the oxygen supply of the brain. Particularly relevant is the work
of the neurologists and neurophysiologists, showing that certain brain
lesions may produce queer forms of overactivity while others will
result in underactivity.
The development of the field of carbohydrate metabolism has
made it possible to recognize and treat previously mysterious states
of weakness, fainting, and convulsions due to low blood sugar. The
effects of pancreatic adenomas should be mentioned in this connec-
tion." The demonstration of the sensitivity of the brain to lack of
carbohydrate and Cannon's work on the effects of emotions have
led psychiatrists all over the world to investigate carbohydrate
metabolism in excited and depressed patients. As has so frequently
happened in other fields of psychiatry, a great variety of conflicting
discoveries has been reported. On the basis of recent work we
can conclude that most of the apparently excited and overactive as
well as the depressed and underactive patients have normal amounts
of sugar in their blood.', 27 This was considered contrary to
Cannon's findings of emotional hyperglycemia in animals and of
frequent glycosuria in students following examinations. Some of
the psychiatrists, particularly Whitehorn and Bowman, were led to
conclude that emotional hyperglycemia must be uncommon in man.
Further studies, however, by Gildea, Mailhouse, and Morris"0 have
demonstrated that severe emotional reactions in normal people, such
as those produced by experiencing automobile accidents, by seeing a
suicide, or by husbands' waiting for their wives to be delivered of
babies, were commonly followed by hyperglycemia. On the other
hand, the pathological emotional states of excitement or depression
or agitation in patients rarely produced hyperglycemia. It is evi-
dent, therefore, that the abnormality in these patients lies in their
failure to mobilize sufficient sugar to raise the blood levels no matter
how extreme their apparent emotional excitement may be.
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Investigations of sugar tolerance curves have yielded conflicting
results. It now appears, however, that if allowance is made for the
nutritional status, the nature of the diet, and disturbances in
intestinal motility (the latter can be ruled out by using the intra-
venous technic),16 the sugar tolerance curves in excited and depressed
patients are rarely remarkable. The defect, therefore, probably
lies in the nervous regulation of carbohydrate mobilization. One
group of patients has low levels of blood sugar and has spells of
weakness unless frequently fed. Another group of these patients
eat large amounts of food to relieve emotional tension, although
the blood sugar levels may be high normal. Such patients are
frequently obese and become increasingly so with the passage of
years. Diabetes mellitus not infrequently develops in this latter
group.
The recent developments in still another branch of biochemistry,
i.e., the vitamin field, have given us new insight into a certain small
group of patients suffering from lethargy and hypochondriasis, for
these symptoms may be due to partial deficiencies in B1, nicotinic
acid, and other factors of the B complex. It must, however, be
stressed that most of the patients with depression ofmood and energy
do not respond to vitamin therapy.
On the other hand, the fact that B complex deficiencies can
produce symptoms of depression indistinguishable from those of
unknown etiology should lead us to look for other as yet unknown
enzyme deficiencies in our patients.
Ever since Thudichum's brilliant and meticulous work, 1865-84,
revealed that a considerable portion of nervous tissue was lipoid in
nature there has been much speculation as to the role that lipoid
substances must play in brain activity. More recently Bloor and
co-workers', 2 and Brown5 have contributed evidence that tissue
activity and even the activity of the whole animal are in some way
dependent on the amount and character of the lipoids which they
may contain. These observations have led to numerous investiga-
tions of lipoid metabolism in mentally ill patients and particularly
in those who suffer marked fluctuations in activity and also commonly
have remarkable variations in body weight. Many aspects of lipoid
metabolism have been investigated here in the Department of
Psychiatry, with the following results.9' 20, 21 Normal people were
found to have amounts of serum lipoids, cholesterol, phospholipids,
and fatty acids, which appeared to be characteristic for each indi-
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vidual. Each individual undergoes rather wide fluctuations in
lipoids in the course of a year but in spite of this retains his own
level. Men with slender or leptosomic physique characteristically
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FIG. 3. Relationship between body build and serum fatty acids of normal male subjects.
have low lipoids while those with stocky or pyknic physiques have
high lipoids (Figure 3). In women the same relation appears to
hold but is more
difficult to demon-
chardofJubjbots. strate because of
! i Lebptosomlc/'4ysIf. -7 greater variation in
/em8 fat deposits due to
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There also is some o n m correspondence be-
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FIG. 4. Relationship between body build and serum fatty oids, as well as the
acids of normal female subjects. converse.
These findings proved of interest in connection with two groups
of patients."2 The patients of Group I, although endowed with a
high energy output, suffer from marked fluctuations in this output.
These patients tend to be stocky in physique and to have high
lipoids; and they contrast strikingly with the second group who
appear never to have had much energy and who are leptosomic in
build. These two groups of patients have different sorts of mental
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symptoms. As can be seen in Figure 5, Group I, the manic depres-
sive patients had high lipoids, while the schizophrenic patients,
Group II, had low lipoids. It is noteworthy that mixtures of these
mental symptoms may occur in patients, in which cases the lipoids
may or may not be high or low. These patients with manic depres-
sive and schizophrenic disorders have been followed for five to ten
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FIG. 5. Comparison of the fatty acid and cholesterol contents of the serum in 34 schizophrenic
patients (indicated by crosses) and 62 manic-depressive patients (indicated by solid circles). The
hexagon includes the distribution of similarly plotted data on 73 men and women in good health.
years after the beginning of their illnesses in order to determine
whether there was any relation between the level of serum lipoids
and the outcome. The majority of the patients with high lipoids
have experienced apparently complete remissions, while those with
low lipoids have had incomplete or no remissions.11 These findings
are necessarily empirical and the underlying biochemistry of these
relations awaits clarification. Some order may be introduced into
this problem by utilizing a hypothesis introduced some years ago
by Kahn.'3
According to this conception, people are endowed with certain
constitutional potentialities which determine their development as
regards physique, temperament, capacity for growth, output of
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energy, resistance to disease, ability to recover from disease, etc.
Some of these may be recognized at present but others must await
advances in the biochemistry of constitution for further definition.
For the present there appear to be pyknophilic potentialities which
are represented anatomically by pyknic body build, in terms of
behaviotr by warmth of temperament, by high energy output, includ-
ing sex drive, by strong resistance to disease, and by remarkable
capacity for recovery if overwhelmed by disease. That high lipoids
may well represent a biochemical measure of pyknophilic potentiali-
ties is suggested by the studies just described where they were found
in the pyknic people with high energy output and in the patients who
proved to have a high capacity for recovery. Deficiency in these
qualities may be considered the result of the predominance of
leptophilic over pyknophilic potentialities. The presence of lepto-
philic potentialities is indicated by leptosomic physique, cool temper-
ament, low output of energy, weak sex drive, low resistance to
disease, and poor capacity for recovery or restitution. In line with
this evidence low serum lipoids would constitute another evidence of
leptophilic potentialities.
From what we know of body chemistry the structure of cells and
tissues depends primarily on the structural arrangements of protein
molecules. There is evidence, however, that the lipoids are in some
way fitted into the intricacies of these patterns. Consequently, the
amount and nature of lipoids in a tissue may well depend in part on
these protein arrangements. Thus, the serum lipoids may reflect
fundamental constitutional qualities because of their intimate ties
with the structural protein.
From these considerations it would appear obvious that the next
step in attempting to estimate pyknophilic potentialities in biochem-
ical terms would lie in the direction of protein chemistry and par-
ticularly in stereo-chemistry and in stoichio-chemistry.
While the field of structural protein chemistry is advancing with
all its implications, the biochemist in psychiatry is not allowed to
forget the rapid development of endocrinology with the discovery
of new hormones, many of which are apparently derived from
cholesterol. Deficiencies in some part of the adrenal cortical hor-
mones may account for some of the chronic states of weakness and
depression in patients. At present, however, the available adrenal
cortical substances appear to have little effect in these patients. The
effects of new fractions, like Kendall's E substance,14 should be inves-
tigated when such substances become available.
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In discussing some of the ways of approaching the problem of
energy exchange it has been necessary to leave out reference to much
of the work on the effects of environment on body chemistry, such
as prolonged emotional stimuli and changes in weather, particularly
heat and cold.
The problems relating to the nervous control of body chemistry
have also scarcely been touched upon. The studies of Brobeck,
Tepperman, and Long4 on the effects of hypothalamic lesions on
appetite and, in turn, on the body weight of animals, have important
implications for psychiatry where gross disturbances in appetite are
common phenomena.
The examples chosen for discussion in this paper represent a
few of the more concrete and simple contributions of biochemistry
to psychiatry. Present-day biochemistry is actually in its infancy.
Some of the cruder elements that make up the living animal have
been discovered and roughly measured. But only a beginning has
been made in the exploration of the delicate but extremely active
and complex chemical systems that determine the functions of the
living organism. The developments of recent years have been so
extraordinary and numerous that we can only guess at their impli-
cations for psychiatry.
The brilliant experiments of Schoenheimer and his co-workers
with isotopes of various kinds, including fatty acids and amino acids,
have revealed continuous chemical changes to be taking place in the
lipoid and protein structures of the body that were formerly looked
upon as relatively inert tissues. Yet in spite of this continual change
the structure as well as the steady state of the living organism per-
sists. In the light of these observations chemical analysis of the
blood at suitable intervals will yield more information with regard
to body structure, i.e., constitution, than was formerly thought
possible.
While these advances in the chemistry of structure and integra-
tion in the living organism are occurring, many chemicals are being
discovered or synthesized which are peculiarly effective in disturbing
the organizing forces of nature. At present the production of
powerful enzymes and hormones appears to be out-stripping our
knowledge of structure and function. On the physician will fall
the responsibility for seeing that these new and potent substances do
not injure, rather than restore, his patients.
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